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COOKING APPLIANCE HAVING A COOLING
MECHANISM AND METHOD OF OPERATION

BACKGROUND OF THE INVENTION

‘The present invention relates to a cooking appliance
having a cooking compartment.

A prior cooking appliance, for example, a microwave
oven having a cooking compartment and oven cooking
function, has a cooling fan. When a user uses the oven
cooking function, the temperature within the cooking
compartment and around components positioned in an
outer case of the oven rises. After oven cooking is fin-
ished, the cooling fan cools the components so that their
temperature does not exceed their tolerance level.

The cooling time is determined in any of three ways.
First, a temperature sensor is positioned adjacent a com-
ponent which has the lowest temperature tolerance.
Until the sensor detects that the temperature is under
the tolerance level, the cooling fan continues to cool the
components.

Second, a temperature sensor is positioned in the
cooking compartment so that the sensor detects the
temperature within the cooking compartment. Until the
sensor detects that the temperature is less than a prede-
termined temperature, the cooling fan continues to cool
the components. The predetermined temperature is set
to a presumptive value at which the temperature of ail
components is presumed to be under the tolerance level.

Third, a cooling time is determined in accordance
with the temperature set by a user for oven cooking.
The cooling fan cools the components for the deter-
mined cooling time.

However, the first approach requires the sensor to be
attached to the component, increasing manufacturing
COStS.

With the second approach, if a door to the cooking
compartment is opened while the cooling fan is actu-
ated, the temperature within the cooking compartment
drops rapidly. As a result, since the temperature drops
under the predetermined temperature, the cooling fan
stops cooling the 10 components. Although the temper-
ature drops under the predetermined temperature, the
temperature of the components often does not drop
enough. As a result, the cooling time is too short.

With the third approach, if the door is open while the
cooling fan is running, the compartment is efficiently
cooled by the outside air. As a result, although less
cooling time is required, the cooling fan continues to
run. Therefore, the cooling fan operates unnecessarily
for a certain time.

SUMMARY OF THE INVENTION

It 1s an object to provide a cooking appliance and
method of operation which can cool components for a
proper period, while minimizing manufacture costs.

In order to achieve the above object in the present
invention, the period of time that a door of a cooking
compartment of a cooking appliance is open during
cooling is monitored. The period of time that a cooling
fan is operated during cooling is changed in accordance
with the time the door is open.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of this inven-
tion will become apparent and more readily appreciated
from the following description of the presently pre-
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ferred exemplary embodiments, taken in conjunction
with the accompanying drawings, of which:

FIG. 11s a flow chart illustrating operation of a cook-
ing appliance according to the present invention:

FIG. 2 is a front view of the cooking appliance;

FIG. 3 is a cross section of the cooking appliance;

F1G. 4 1s a block diagram of the circuitry of the cook-
ing apphance; and

FIG. 5 shows a graph showing a connection between

the temperature of a cooking compartment and a cool-
ing time.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EXEMPLARY
EMBODIMENTS

Embodiments in which the present invention are
employed in a microwave oven with an oven cooking
function will be described with reference to the draw-
Ings.

With reference to FIG. 2, a microwave oven 10 has
an outer case 12. A cookmg compariment 14 for receiv-
ing food is located in outer case 12. A door 16 is pivot-
ally provided in front of cooking compartment 14.

A door switch 18, which detects whether door 16 is
open, is located on a front edge of cooking compart-
ment 14. When door 14 is closed, door switch 18
contacts with the door.

With reference to FIG. 3, a components compart-
ment 20 1s provided between outer case 12 and cooking
compartment 14. A magnetron 22, which generates
microwaves to be supplied to cooking compartment 14,
a transformer 24 and a printed circuit board 26 on
which a microcomputer 28 is provided, are located in
components compartment. A cooling fan 30 including a
motor 32 and a fan 34 is provided near magnetron 22 in
components compartment 20.

A temperature sensor 36 which detects the tempera-
ture within cooking compartment 14 is located on a side
wall of the cooking compartment. An oven heater 38
and a circulation device 40, including a motor 42 and a
fan 44, are located behind in a rear portion 46 cooking
compartment 14.

During oven cooking, oven heater 38 heats air within
rear portion 46. Circulation device 40 causes the heated
air to circulate in cooking compartment 14 through
holes 48 as shown by arrows W in FIG. 2 so that the
temperature within cooking compartment 14 increases
gradually

An air intake hole 50 and an exhaust hole 52 are pro-
vided on outer case 12. An air inlet 54 and an air outlet
56 are provided on cooking compartment 14. A shutter
58 (as shown in FIG. 4) is located on air inlet 54, which
can shut the air inlet based on a command from mi-
crocomputer 28.

When motor 32 rotates fan 34, outside air is drawn
into components compartment 20 through intake hole
50. After the air cools magnetron 22 and other compo-
nents, the air flows into cooking compartment 14
through air inlet 54 because shutter 58 is open. The air
within cooking compartment 14 is exhausted through
air outlet 56 and exhaust hole 52.

Four pairs of photosensors 60, which detect the shape
or height of food, are positioned on the side wall of
cooking compartment 14. Photosensors 60 are also
cooled by the air from fan 34.

During microwave cooking, a rotatable and detach-
able plate (not shown) is positioned on a bottom portion
within cooking compartment 14. The plate is rotated by
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a table motor 62 (see FIG. 4). A weight sensor 64 pro-
vided under cooking compartment 14 welghs food
placed on the plate.

- A vapor sensor 66, which detects vapor generated by
cooking food, is positioned between air outlet 56 and
exhaust hole 52. An alcohol sensor 68, which detects
alcohol generated by the food is positioned near vapor
sensor 66.

An operation panel 69 is positioned on a front surface

of outer case 12. A display 70 which indicates cooking
mode and time is located on operation panel 69. Plural
kinds of switch 71 such as a start switch is located on
operation panel 69.

With reference to FIG. 4, a control circuit 72 includ-
ing microcomputer 28 has a memory 73. Microwave

oven 10 is controlled based on a program stored in
memory 73. Switch 71, weight sensor 64, vapor sensor
66, alcohol sensor 68, temperature sensor 36, door
switch 18 and a pulse generator 76 are connected and
send signals to control circuit 72. Control circuit 72
sends commands to photosensors 60 and receives sig-
- nals detected by them. Control circuit 72 directly con-
trols display 70, and controls magnetron 22, oven heater
38, motors 42, 43 and 62 and shutter 58 through a driver
74.

For oven cooking, a user makes the appropriate selec-
tions using switches 71 and sets both a desired tempera-
ture within cooking compartment 14 and a cooking
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time. When the user presses a start switch, oven heater

38 heats air within rear portion 46 and fan 44 circulates
the heated air through holes 48. Until a temperature
within cooking compartment 14 reaches the predeter-
mined value as set by the user, oven heater 38 and motor
42 are energized continuously. After that, heater 38 and
motor 42 are energized intermittently so that the tem-
perature 10 1s maintained at the set temperature.

After oven cooking is finished or cancelled during
cooking, cooling fan 30 cools the components such as
magnetron 22, photosensors 60, and print circuit board
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26. FIG. 1 is a flow chart illustrating the operation of 40

cooling fan 30 after cooking is finished. The operation is

based on the program stored in memory 73. When oven

cooking is finished, temperature sensor detects a tem-
perature within cooking compartment 14 (step S1).
Control circuit 72 determines a cooling period based on
the temperature (step S2). Display 70 displays the cool-
ing period (step S3).

In this case, control circuit 72 determines the cooling

period based on FIG. 5, which illustrates the relation
between the temperature in cooking cabinet 14 and a
cooling time. Data in accordance with FIG. 5 are stored
in memory 73 as a time table. ,

As a specific example, a cooling period is set for ten

minutes when the temperature in the oven is 300° C. and

the cooling period is set for 0 minutes when the temper-
ature 1s 200° C. A relation between the temperature and
a cooling period is linear when the temperature is in a
range between 200° C. and 300° C. When the tempera-
ture 1s under 200° C., the cooling fan 30 does not oper-
ate.

Control circuit 72 determines whether the tempera-
ture exceeds 200° C. (step S4). If not, processing is
finished. If so, the cooling fan 30 begins to cool the
components (step S5). Control circuit 72 determines
whether door 16 is open based on a signal from door
switch 18 (step S6). If door 16 is closed, control circuit
72 causes the cooling period to be counted at a normal
speed (step S7). In detail, when control circuit 72 re-
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ceives 50 pulses from pulse generator 76, the control
circuit causes the remaining cooling period to be de-
creased by one second.

If door 16 is open, control circuit 72 sets a counting

-speed of the cooling period as twice the normal speed

(step S8). In detail, when control circuit 72 receives 25
pulses from pulse generator 76, the control circuit
causes the remaining cooling period to be decreased by
one second. |
Therefore, when the normal speed 1s set, one second
on display 70 indicates one second of actual time. When
the double speed is set, one second on display 70 indi-

cates 0.5 seconds of actual time.
Control circuit 72 begins to count down the remain-

ing cooling period (step S9). Display 70 displays the
remaining time in the cooling period (step S10). Then,
control circuit 72 determines whether the cooling per-
10d has expired (step S11). If not, flow returns to step
S6. If so, cooling fan 30 stops rotating and the display of
cooling time on display 70 is discontinued (step S12).

According to the embodiment, the cooling period is
set based on the temperature within cooking compart-
ment 14 when cooking has finished. If door 16 is open
while cooling fan 30 cools the components, the cooling
period is shorten based on the time that the door is open.
When door 16 is open, cooking compartment 14 is di-
rectly cooled by outside air efficiently. As a result, any
previously set cooling time would be longer than neces-
sary enough.

Therefore since, in the present invention, the cooling
period 1s changed when door 16 is open, cooling fan 13
can cool the components for a proper period.

Since temperature sensor 36 detects the temperature
within cooking compartment 14, the temperature sensor
can be used both for determining the cooling period and
maintaining a predetermined temperature during oven -
cooking.

Although only one embodiment has been described in
detail above, those skilled in the art will readily under-
stand that many modifications are possible in the pre-
ferred embodiment without departing from its teach-
ings.

For example, although the embodiment describes a
hnear relationship between the temperature and the
cooling period, of course the relationship could be on
multiple steps. When an additional timer is used sepa-
rately from microcomputer 28, the counting speed may
be altered by changing the frequency ratio of this tim-
er’s frequency divider.

When door 16 is open, the counting speed may be
altered to something other than double the normal
speed. Temperature sensor 36 may detect the tempera-
ture within components compartment 20 or rear portion
46.

All such modifications are intended to be encom-
passed within the following claims.

What is claimed is:

1. A cooking appliance, comprising;

a) a cooking compartment for receiving food;

b) a door, which is coupled to the cooking compart-

ment, for accessing the cooking compartment;

¢) means, coupled to the cooking compartment, for

heating food received in the cooking compartment:

d) a cooling fan for cooling the cooking compart-

ment;

e) means for determining how long the door is open;

and
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f) means, responsive to the determining means, for
changing period for operating the cooling fan in
relation to how long the determining means deter-
mines that the door is open.

2. A cooking appliance comprising:

a) a cooking compartment for receiving food;

b) a door, coupled to the cooking compartment, for
accessing the cooking compartment;

¢) means, coupled to the cooking compartment, for
heating food received in the cooking compartment;

d) a cooling fan, coupled to the cooking compart-
ment, for cooling the cooking compartment;

e) means, coupled to the cooking compartment, for
determining if the door is open; and

f) means for reducing a period for operating the cool-
ing fan as the door is open for a longer amount of
time.

3. A cooking appliance comprising:

a) a cooking compartment for receiving food;.

b) a door, coupled to the cooking compartment, for
accessing the cooking compartment;

¢) means, coupled to the cooking compartment, for
heating food received in the cooking compartment;

d) a cooling fan, coupled to the cooking compart-
ment, for cooling the cooking compartment;

e) means, coupled to the cooking compartment, for
determining if the door is open;

f) means for detecting a temperature within the cook-
ing compartment and for determining an initial
period for operating the cooling fan based on the
temperature; and

g) means for changing the initial period for operating
the cooling fan based on the determination made by
the determining means.

4. A cooking appliance according to claim 3, wherein
the immitial period determining means increases the initial
period as the temperature becomes higher, and the
changing means reduces the period for operating the
cooling fan as the amount of time the door is open be-
comes longer.

>. A cooking appliance, comprising;:

a) an outer case;

b) a cooking compartment in the outer case for re-
celving food; |

¢) a door, coupled to the outer case, for accessing the
cooking compartment;

d) at least one component between the outer case and
the cooking compartment;

) means, coupled to the outer case, for cooling the at
least one component;

f) temperature detecting means, coupled to the outer
case, for detecting the temperature within the outer
case;

g) means, coupled to the temperature determining
means and the cooling means, for determining a
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period for operating the cooling means based on
the temperature;

h) means, coupled to the period determining means,
for counting the period;

1) open door determining means, coupled to the outer
case, for determining if the door is open; and

J) means, coupled to the period counting means and
the open door determining means, for changing a
counting speed of the counting means in accor-
dance with the determination made by the open
door determining means.

6. A cooking appliance according to claim 5, wherein

changing means increases the counting speed of the
counting means while the door is open.

7. A cooking appliance, comprising:

a) an outer case:

b) a cooking compartment, located in the outer case,
for receiving food;

c) a door, coupled to the outer case, for accessing the
cooking compartment;

d) at least one component between the outer case and
the cooking compartment;

e) cooling means, coupled to the cooking compart-
ment, for cooling the component after cooking is
finished:

f) temperature detecting means, coupled to the cook-
Ing compartments, for detecting the temperature
within the cooking compartment;

g) period determining means, coupled to the cooling
means and the temperature detecting means, for
determining a period for operating the cooling
means based on the temperature detected by the
temperature detecting means;

h) counting means, coupled to the period determining
means, for counting the period;

1) open door detecting means, coupled to the outer
case, for detecting if the door is open; and

J) means, coupled to the counting means and the open
door detecting means, for increasing a counting
speed of the counting means while the door is open.

8. A cooking appliance according to claim 7, wherein

the increasing means doubles the counting speed of the
counting means while the door is open.

9. A method of controlling a cooling fan in a cooking

45 appliance having a cooking compartment, comprising
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the steps of:

detecting the temperature within the cooking com-
partment;

determining a period of time for operating the cool-
ing fan based on the detected temperature;

determining how long a door of the cooking com-
partment is open; and

changing the determined period of time in accor-
dance with the determination of how long the door

1S open. |
* *¥* % ¥ ¥k



	Front Page
	Drawings
	Specification
	Claims

